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Disclaimer

The purpose of this publication is to document the sampling and analytical methods used by
cooperating laboratories of the NOAA NS&T Program. The NOAA and participating laboratories
do not approve, recommend, or endorse any proprietary product or proprietary material
mentioned in this publication. No reference shall be made to the NOAA or participating
laboratories concerning this publication in any advertising or sales promotion which would
indicate or imply that the NOAA or the participating laboratories recommend, or endorse any
proprietary product or proprietary material mentioned herein, or which has as its purpose an
intent to cause directly or indirectly an advertised product to be used or purchased because of
this NOAA publication.



TABLE OF CONTENTS

LIST OF T ABLES ..ttt ettt et et e e e e i
LIST OF FIGURES. ... ettt ettt ettt e et et et e et e e et e e e eene e 1.
P R A CE . it s I1.iii

Total Dissolution of Marine Sediment and Atomic  Absorption Analysis of
Major and Trace Elements
V. S. Zdanowicz, T. W. Finneran and R. Kothe

F Y =S T I 2 Y O PP .1
L. INTRODUCTION ittt ettt et e e et e e e et et e e e et e et e e e eneens .1
2. EQUIPMENT AND SUPPLIES ...ttt ettt ettt e e e e e e e eenes .1
2.0, INSErUMENTATION Lo e et aas .1
2.2, SUPPI S e 1.2
2.3, LADWaAIE e 1.2
2.4, REAGENES i e 1.2
2.5. Solvents and matrix modifiers ... ... 1.3
2.5 1. MIO DIlUBNT ..o e e 1.3
2.5.2. 1646 MOAITIEr ..o 1.3
2.5.3. Matrix modifiers for graphite furnace analyses ..........c.cccoocveivinene. 1.3
3. SAMPLE TREATMEN T ittt ettt ettt et e e e e e e e e e eaenns .4
0 I 5 1 Y1 o [ PPN .4
G N 0o 0 ] o o 2] 1 A1 o PP .4
R G J B 1 To 253 1o ] o PP .4
A, CALIBRATION ettt e ettt e .5
4.1. Sn, Sb, Tl and As calibration ........ccoiiiiiii i e 1.5
4.2, AQ CAlIDIatioN ..o .5
4.3. Cd, Se, Sb, and Sn additional dilUtiONS ........c.oiiiiniiii e 1.5
B CAL CULATIONS ittt et ettt et ettt ettt e et et eaas 1.6
6. REFERENCES ..ottt et et .7z
7. INSTRUMENT AL AN ALY SIS ottt et e e nneaees .14
4% O N 111 o V1 o 1 o o PP .14
7.2, Sl CON e s .15
4G T O o | o] o 0 118 [ o PP .16
T4, MANQANESE ... .17
4585 T 1 o o PP 11.18
T.6.  NICKEI o e e .19
T R O] o ] o 1T PPN 111.20
4 S T A | o [ o PP .21
A0S TR N == o .22
740 O TR S = 1= 111 o R .23
0% 5 RS | AV PP .24
40 T2 O~ o 1o 111 1o PSPPI .25
205 C T I o PP .26
T 1A, ANTIMONY ettt et ettt e enns .27
40 ST (1= o] U1 Y PP .28
T.16. ThallIUM o e ettt enns .29

T.L7. LA oo e .30



Digestion of Fish Tissue and Atomic Absorption Analysis of Trace
Elements
V. S. Zdanowicz, T. W. Finneran and R. Kothe

N 2 ES I8 N P .31
N N (0 10 O T ] PP .31
2. EQUIPMENT AND SUPPLIES ...ttt ettt e ettt et e e a e e e ens .31
2.0, INSEIUMENTATION oot aas .31

2.2, SUPPI S et .32

2.3, LAbWaAIE e .32

D2 L= - U =] 1 = N .32

2.5. Solvents and matrix MOdifiers ..o .33

2.5. 0. 10% HNOB .ottt .33

2.5.2. Matrix modifiers for graphite furnace analyses ............ccoceevviiiinnn. 111.33

3. SAMPLE PREPARATION .ttt ettt et ettt e et e e a e ens .33
N 0 AN I | 2 3 NN 1 .34
LT O AN I 01 U ANy 1@ N 1 P .34
6. REFEREN CES. ...ttt e e ettt e et 11.35
7. INSTRUMENTAL AN ALY SIS ittt ettt ea e ens 11.36
4% T N 1V oY1 01U o o DO PSPPI 11.36

2 O o | €] 2 1 10 o 1S PP .37

745G TR /- T = U =] = N 11.38

2% T 1 o T o 111.39

5. NICKEL e e s 11.40

S TR 0o ] o] o 1] S PP PP PPPPPPPIN .41

0 A 1 o [ PP .42

A8 S T N Y= o] o PP .43

78S T 1= 1= 110 o PP .44

.00, SV s .45

4% T S O o 1o 4111 1o s APPSR .46

4051 I o PP .47z

4% T TN 1 1 1 4 o ] 0 28PN .48

4000 /=T o 1 | Y/t 111.49

4% S T I £ = 1110 o o PP 11.50

408 G T N - Vo PP .51

Analytical Methods for Trace Elements in Sediments by Atomic Absorption
Spectrophotometry
D. W. Evans and P. J. Hanson

N =S 1 2 Y O PP PPR 11.53
L. INTRODUCTION ottt ettt ettt ettt e e e e e ettt e n e e et e et et e e et e e e eneens .53
2. EQUIPMENT AND SUPPLIES ...ttt et ettt e et et e e ens .53
2.1. EQUIDMENT .o et .53

2.1.1. Atomic absorption spectrophotometers ...........cocoveveiiiiiiiiniiennennen. 11.53

2.1.2. FIOW INJECTION SYSTEM ..oiuiiiiiiiii e eenes .54

2.1.3. Lamps and power SUPPHES ....oieieiiii e .54

2.1.4. Sample digestion eqUIPMENT ........ooiiiiiiiiiii e .54

2.1.5. General laboratory equipmMeENT .......ccouiiiiiiiiii e .54

2.2 SUP DI S et s .54

2.2.1. Atomic absorption spectrophotometry ...........ccocoviiiiiiiiiiiiniineninn. .54

2.2.2. COMPIESSEA QASES .ovuiuirinie ettt ettt aas 111.55



3.

©COxNO GO M

2.2.3.  PlaSTiCWAIE .ot 111.55

2.2.4. Labware preparation .........ooooiiiiiiin e .55

2.3. Chemicals and reagents ....cccuiuiriiiii i e e .55
2.3.1. Atomic absorption standards .........c.ccoiiiiiiiiii .55

2,32, REAGENTES .ottt s .56

SAMPLE TREATIMEN T o et 111.56
3.1. Sample matrix ModifiCation ........c..coiiiiii i .56
3.2.  Sample drying and COMPOSITING ....uiuiiniiiiiiii e .57
3.3, MiIiCrowave digesStioN ...t e .57
3.3.1. ACIH @ddITIONS ..onitiniii e .57

B.3.2.  DIESTION ittt e .57

3.3.3. Initial sample dilution and volume determination ...................ccccuenee. 11.58

3.3.4. Alternate digestion ... 111.58

B, DIIUTION e s 111.58

B 5. STANAAIAS .o e 11.59
CALIBRATION AND COMPUTATION OF ANALYTE CONCENTRATIONS .....ccoiiiiiiiiiiiiiieeen .59
DETECTION LIMIT S ottt e ettt e ettt e eaenees 11.60
CHANGES IN ANALYTICAL METHODS OVER TIME ..ot .61
ACKNOWLED GEMENT S L.ttt ettt ettt e et e ettt et eaeenen .61
SELECTED REFERENCES UTILIZED IN METHODS DEVELOPMENT .....ccuiiiiiiiiiiiicieeeee e .62
INSTRUMENT AL AN A LY SES. ..ottt eenes 111.63
L I [0 1o 11 10 o o P .63

£ T2 N 1 1 1 .4 o ] 0 28PN .64

L TG TR =T = o | o PP I1.65

L S O Vo [ T U1 o ¢ R PP .66

£ S T O o o o111 o 1S .67

[ N S T O] o] o 1] S PP PP PPPPPPPIN 11.68

L T 1 0 o 1R PP 11.69
L N - T PP .70

£ 28 T /= g T = 1 =] = S .71

£ T I R /=T o 1 | /2 .72

£ 0 0t N1 T = P .74

L 2 T =Y 1= o U] o o T PP .75

£ 0 G TR 1 o o o T .77z

L 0 s | Y P .78

L 0 T I = 11110 o o PP .79

£ 0 T I o PPt .80

L 0 4 1 o o PP 11.81

Analytical Methods for Trace Elements in Fish Liver by Atomic Absorption
Spectrophotometry
D. W. Evans and P. J. Hanson

A B S T R A T it 11.83
1. INTRODUCTION .ttt ettt e e ettt e et et e e e e et e et e e e e e enens .83
2. EQUIPMENT AND SUPPLIES ... ettt as 11.84
D220 N =T U 11 o 1= o 1 .84

2.1.1. Atomic absorption spectrophotometers ...........cocoveiviiiiiiiiiiniiiennennen. 11.84

2.1.2. FIOW iNJECTION SYSTEM ..iviiiiiii e .84

2.1.3. Lamps and power SUPPHES ...o.iiuiiiiiii e .85

2.1.4. Sample digestion equipmMeNnt .........coiiiiiiiiiiiii 11.85

2.1.5. Sample homogenization equipmMeNnt .........ccooiiiiiiiiiie e, 11.85

2.1.6. General laboratory equipment .......ccoviiiiiiiii e 11.85



2.2 SUPPI S et .85
2.2.1. Atomic absorption spectrophotometry ...........coooiiiiiiiiiiiiiniinien, .85
2.2.2. COMPIESSEA GASES .ivuiuitinitiinii ettt ettt 11.85
2.2.3. PlASTICWAIE ..eiiiiiiii e e 11.86
2.2.4. DiSSECLION TOOIS ...iviiiiiiiii e 11.86
2.2.5. Labware preparation ..... ..o 11.86
2.3.  Chemicals and reagents ....cccuiuiiiiiii i s 11.86
2.3.1. Atomic absorption standards .........c.ccoiiiiiiiii 11.86
2,32, REAGENTES .ottt s .87
3. SAMPLE TREATIMEN T o et 11.87
3.1. Sample matrix ModifiCation ........c..coiiiiii i .87
3.2, SamPIle Preparation ... 11.88
3.2, 1. SAMPIE AIYiNG .o 11.88
3.2.2. Homogenization of large composite samples .........ccoccvveiviiiiiniieennnn. 11.88
3.3. MICrowave digeSTiON ......ooiie e e 11.89
3.3.1. ACIH @dAITiONS ovuieiieei e 11.89
B.3.2.  DIGESTION ittt e 11.89
3.3.3. Initial sample dilution and volume determination ..................ccccuenee. 11.90
3.4. Alternate bomb digestion ... 11.90
G R I 11 11 o ] o PPt 11.91
4. CALIBRATION AND COMPUTATION OF ANALYTE CONCENTRATIONS .....coiiiiiiiiieieieeeen, .91
5. DETECTION LIMIT S ottt ettt ettt e e ettt ettt ettt ettt e e aenees .92
6. CHANGES IN ANALYTICAL METHODS OVER TIME ...ttt 11.93
7. ACKNOWLED GEMEN T S ottt ettt et e e aeens .94
8. SELECTED REFERENCES USED IN METHOD DEVELOPMENT ....c.cuiiiiiiiiiiiieeei e .94
9. INSTRUMENT AL AN ALY SES .. e 111.95
£ 0 IO N o 1 1 1 ¢ o ] 0 28PN .95
9.2, ATSBINIC ettt et 11.96
L2 R OF- Ve | 14118 o DO OO RPN .97
LI S O o £ 011 011U T o ¢ PP PTPTPPR 11.98
[ RS TR 01 o] o] o 1] S PP PP PP PPPPPIN 11.99
£ R 1 1 o PPN [1.100
£ N - Vo P Mm.101
£ I8 S T /= g T = 1 =TT = 111.102
LS 25 T (/=T o 1 /2 111.103
9,00, NICKEL e e e 11.1205
O.1L. SEIBNMIUM. e ittt et 11.106
L 0 2 | AV PR 11.107
£ 0 G R I 1 = 11110 o o PP 111.108
L 0 S I | o O PP PP PPN 111.209
L 0 B T4 T o Lo TP 111.1210

Sample Preparation and Analyses of Trace Metals by Atomic Absorption
Spectroscopy
P. A. Robisch and R. C. Clark

A B S T R A C T it et .111
L. INTRODUCTION . .ttt et e ettt e e e et e e e e e e e e et e e e et et et et e e e e e e anaaaaeaaanen m.111
2. EQUIPMENT AND SUPPLIES. . .u ittt e e e e ettt e e e anans nm.111
2.0, INSEIUMENTATION. . ot m.111
2.2, SUPPI IS ettt e nm.111
2.3, LADWaAI G m.111
D2 - - U =] 1 = Pt m.111



2.5.  Matrix modifiers and reagents..........coiiiiiiiiiii 1.112

2.5 1. MagneSium NMITrate. ... ..ot e e m.112

2.5.2. NiCKel NIEFate. ... .112

2.5.3.  Ammonium hydrogen phosphate.........c..ccoiiiiiiiiiiiiiiin e, n.112

2.5.4. Potassium permanganate..........c.coeuiuiiuiiniiiiiiii e Mn.112

2.5.5. Sodium borohydride. ..o n.112

3. SAMPLE PROCESSING. ...ttt ettt ettt et et et e e e e e et et e et e e en e ens m.112
G e T I8 1= U= L PP .112

311, ACK @dditiOoN. ... M.113

3.1.2. Microwave digeStioN.......ouiuiiiii e 1M.113

3.1.3. SamPle dilution. ..o 11.113

B2, SBAIMEBNTS. it 1M.113

3.2 1. ACIHH @dditioN. ..o n.114

3.2.2. Microwave digeStioN.......ouiuiiiiiii e m.114

3.2.3. SamPple dilution. ... n.114

4. CALIBRATION AND COMPUTATION OF ANALYTE CONCENTRATIONS.......couiiiiiiiiieieeeenne, n.114
B CONCLUSIONS . L. et ettt e et et e e e e e ettt e e et a s 1M.115
6. REFEREN CES. ...ttt et et et ettt et 11.115
7. SEDIMENT AN A LY SIS ettt ettt et et e et e et a e e m.117
200 ST AV PR n.117

7 N 1812 11 10 o o P P 11.118

4G TR N =1 = o | o 11.119

4 T O Vo [ 11U 1o TR PP 1.120

485 T O o | o 1 4111 o PR PP 1.121

S TR O] o] o 1] PP PP 1.122

A R 1 1] £ PPN 1M.123

48 S TR 1 4o £ PPN m.124

208 R /=T o 1 Y/ 11.125

74050 O R /= g T = U =T = Pt 1.126

T .00 NICKEL e m.127

4000 2 - Vo P 11.128

400 T T N 4 1 11 4 o 0 Y 2P 1.129

A0 T =Y 1= o U] o o 111.130

4250 . T I o PP 11.131

425 T I o PP 11.132

4050 A 1 o PPN 11.134

T I S 1S U PP 11.135
L 00 R | AV P 11.135

L N 1012 01 10 o o P P 11.136

G TR =T = o | o .137

S OF- o [ 11U 1o 1RO P 11.138

SRS T O o | o 1 o111 o TSP PP 11.139

S G T O] o o 1] PP PP 111.240

A 1 Y o PN m.141

LS 78S T /=T o 1 Y/ 11.142

£ 78S T = g T = U =T = 11.143

.10, NICKEL et .144

0 N R N - Vo P 11.145

S0 2 N 4 1 1 4 o 0 Y 25PN 1.146

0 G T =Y 1= o T U] o o PP 1.147

0 S o PP 11.148

00 I T 1o PP 11.149

L 00 G T4 1 o o PPN 11.150



GERG Trace Element Quantification Techniques
B. J. Taylor and B. J. Presley

R N (0 ] O I PP M.151
2. EQUIPMENT AND SUPPLIES. ...ttt ettt et et e e et e e eaeaees M.151
2.1, INSEIUMENTATION. ...t e M.151

2.2, SUPPI IS ettt M.152

2.3, LADWAIE . s .152

2.4, RBAGEINTES. it m.152

2.5, MatriX MOGITIErS. .. 1.153

2.6, STANOAIAS. .. it 11.153

3. SAMPLE TREATMEN T .ottt et ettt et et ettt et et e et e e teenannes 11.153
0 IO @ )£ =T g 111 U= PP 111.153

3.1.1. Oyster ShUCKING. ... 11.153

3.1.2. Bulk hOMOGENIZING....ceuieiiiiiii e 11.154

313, Fre@zZe ArYiNg .t e e 1.154

3.1.4. Homogenization of dry aliquot...........cooiiiiiiiiii e I1.154

G 00 IR ST 1 o <11 i o] o PP 1.154

3.1.6. Displacement VOIUME. ... ..coiuiiiiiiiii e 11.154

I T~ = o ) i o] o 0 Y= To |10 aT=T o | R PP 11.154

3.2.1. HOMOQENIZATION. ..ot e e e eaaas 11.154

3.2.2. Fre@ze AryiNg .ottt e 111.155

3.2.3. Homogenization of dry aliquot...........ccoiiiiiiiiiii e I1.155

1 T2 b 1 o 111 (o] o P 1.155

4. CALIBRATION AND AN ALY SIS ittt ittt ettt e e et en e ens 1.155
LT O AN I 01 U 1 ANy 1@ 1N 1 PP 1.156
L0 I 0o ] o [od = o f -1 (o] RN PP 11.156

5.2, DIlULION FaCTO e 11.156

LSRG T 0o ] o [od =Y o f -1 (o] o RS PP .157

6. INSTRUMENT AL AN ALY SIS . ittt et e e es 111.158
LG 200 R /=T o 1 Y/ 111.158

LS N 1012 11 10 o o P P 11.159

(S0 T O] o] o 1] S PP PP 111.160

(S0 S 1 o o TR PPN M.161

LS8 T = g T = U =TT = .162

LS A 1 PPN 11.163

.7, SV BT e e 1.164

LSS TR =1 = o | o 11.166

(S8 TR OF- Vo [ 11U o ¢ TR PP 11.168

LS00 0 R 0 o | o o111 o PSP PP 11.170

(S0 I R O] o] o 1] PP PP .172

B.02. INICKEL et e n.174

L 00 5 TR N - Vo P 1.176

LS00 0 T =Y 1= o U] o o 11.178

L 00 I T I o S 11.180

(S0 TN 1010 01 10 o o P PR 11.182

LS00 A R O o | o 1 0111 o PSP PP 11.183

(S0 S TR 1 o TR PPN 11.184

LS00 L T /= g T = U =] = 11.185



Analysis of Marine Sediment and Bivalve Tissue by X-Ray Fluorescence,

Atomic Absorption and Inductively Coupled Plasma Mass Spectrometry
E. Crecelius, C. Apts, L. Bingler, O. Cotter, S. Kiesser and R. Sanders

A B S T R A C T ettt aans 11.187
1. INTRODUCTION. ettt ettt et ettt e ettt ettt et et et e e e e enenes 1.187
2. EQUIPMENT AND SUPPLIES. ...ttt et 1.187
2.1, INSEIUMENTATION. .ooe et 1.187
2.2, SUPPI IS ettt 111.188
2.3, LADWAI . e 111.189
D2 - - U =] 1 = 11.189
2.5.  Solvents and matrix MOdifiers........ccooiiiiiiiii 11.190
SAMPLE TREA T MEN T .ttt ettt ettt e e eenes 111.190
3.1. Drying and homogeniZation..........co.iiiiiiiii e 111.190
Bl L. SEAIMENTS. .ttt 1.190

BLd 2. IS SUBS ittt ittt 11.190

3.2. DT To T=7) 0] o 1 PP 111.190
B.2 1. SeAIMENTS. .ttt .191

B2 2, IS SUBS ittt ettt M.191

3.3, MIiCrowaVve digeStioN. . .. 111.192

(O8N I =1y N I 6 ] PR PPN 11.192
SPECTRAL INTERFERENCES. .. ...ttt ettt ettt aeeens 111.192
A L CU L AT ION S . e e ettt e et ettt ettt ettt et a e 11.193
6.1. Graphite furnace and ICP-MS.. ... 11.193
6.2. Cold vapor atomicC abSOrPlioN........c.iiiii e 1.193
6.3, X-ray FlUOIESCENCE. .. e 11.193
CON C LU SION S . e e e et ettt et et ettt et ettt 11.194
REFEREN CES. .. .ttt ettt ettt ans 11.194
INSTRUMEN T AL AN A LY SIS . ettt aas 111.195
9.1. Atomic absorption SPECTIrOMETIY . ....ouiuiiii i 11.195

£ 0 It T N [0 0 101U o PP 111.195

9.1.2.  CRFOMIUM . ot et 111.196

O.0.3.  NICKEL et 11.197

9.1, 4. SelENIUM .. e 11.198

L T 1 1 V7= PN 11.199

9.1.5.1. Graphite furnace atomic absorption for tissue.................... 111.199

9.1.5.2. Graphite furnace atomic absorption for sediment................ [1.200

L I I T 07 Te 11 o 11U o ¢ R PP PP PPTRPPPRN 1n.201

9.1.6.1. Graphite furnace atomic absorption for tissue.................... 11.201

9.1.6.2. Graphite furnace atomic absorption for sediment................ .202

£ 0 4 I 1 o PP 111.203

9.1.7.1. Hydride generation atomic absorption for tissue................. 11.203

9.1.7.2. Hydride generation atomic absorption for sediment............. 11.204

9.1, 8. ANTIMIONY et 111.205

9.1.8.1. Graphite furnace atomic absorption for tissue.................... 111.205

9.1.8.2. Graphite furnace atomic absorption for sediment................ 1.206

L 200 R TR /=T o o 2P 1.207

9.0.00. ThalliUmMi. e e e 11.208

9.1.10.1. Graphite furnace atomic absorption for tissue.................. 11.208

9.1.10.2. Graphite furnace atomic absorption for sediment.............. 1.209

L 0 e B I 0 T PP 111.210

9.2. Inductively coupled plasma mass Spectrometry.........cocoviviiiiniiiiiiniiiineeenns n.211

9.3, X-RaAY FlUOIESCENCE. ... e .212



Analytical Procedures Followed by Science Applications International
Corporation, Trace and Major Element Analyses
C. Peven, A. Uhler and D. West

L. INTRODUCTION. ettt ettt e et ettt et et e ettt e e ettt et e e e e a e e e e M.213
2. TRACE MET AL AN ALY SIS ittt ettt et e e e e 11.213
2.1, EQUIPMENT aNd FEAGENTS. ...uiutii it 11.213

N T T [ E=] 0 0 0 T=T 1 = PP 11.213

2.1.2. LADWATE. o M.215

2.0 2, REAGENTES. ottt 11.215

2.2. Bivalve tissues digestion - SAIC. ..ot 11.216

2.2.1. For all elements eXCept Hg..oouviiiiiniiiiii e .216

2.2.2. FOr HQ AnalySiS. ..ot m.217

2.3, SUrficial SEAIMENTS. . .. nm.217

2.3.1. For all elements eXCept Hg..oouviiiiiniiiiiie e nm.217

2.3.2. FOr HQ AnalySiS. ..ot 11.218

2.4, SAMPIE @NAIYSIS. ... 11.218

2.4.1. Graphite furnace atomic absorption spectrometry............c.ccooovenene. 11.218

2.4.2. Flame atomic absorption Spectrometry........ccocoveiviiiiiiiiiiiiniineennen 11.218

2.4.3. Cold vapor atomic absorption spectrometry...........cccoveviiiiiiiininnenns 11.218

2. 4.4, COlOMMEEIY . 1.219

B REFERENCES . ..ot 11.219



P.1.

P.2.

I".1.

1.2.

1.3.

".4.

I.5.

I.6.

I.7.

111.8.

1.9.

11.10.

.11.

n.12.

LIST OF TABLES

Laboratories analyzing National Status and Trends Program National Benthic
Surveillance Project samples for major and trace elements and pertinent
chapters in this dOCUMENT........o i e I.iii

Laboratories analyzing National Status and Trends Program Mussel Watch Project

samples for major and trace elementS. ... ..o.oi it I.iv
Typical detection limits for the Sandy Hook Method Laboratory 19............ccocovevnanee. .7
Typical detection limits for the Sandy Hook Method Laboratory 20................c........ 11.35
Typical sediment detection HMITS.......oviiiiii e 11.60
Sediment methodological changes through time...........coooiiiii .61
Volume of nitric acid added to various tissue sample weights...............ccooiiiiinianen. 11.89
Typical tissue deteCtion HMItS. ... ..o e .92
Tissue methodological changes through time............oooiiiiiiiii s 111.93
Typical method detection limits for 0.3 g digestion samples............cccoceveviniinennn. .115
Summary of laboratory responsibilities....... ..o .214
Analytical methods for trace elements used by Battelle and SAIC, 1986.............. n.214
Analytical methods for trace elements used by Battelle and SAIC, 1987.............. .215

Analytical methods for trace elements used by Battelle and SAIC, 1988 and
LS 1< 1 1.216



I".1.

1.2.

1.3.

LIST OF FIGURES

Flow injection system for sediment mercury analysis...........ccccooiiiiiiiiiiiiiiiiienen. .73
Flow injection system for sediment selenium analysis.............ccooviiiiiiiiiniiiiinennn. .76
Flow injection system for tissue mercury analysiS..........ccccoiiiiiiiiiiiiciiiiiiieeans 111.104



PREFACE

The quantification of environmental contaminants and their effects by the National Oceanic and
Atmospheric Administration's National Status and Trends Program began in 1984. Polycyclic
aromatic hydrocarbons, butyltins, polychlorinated biphenyls, DDTs and other chlorinated
pesticides, trace and major elements, and a number of measures of contaminant effects are
quantified in estuarine and coastal samples. There are two major monitoring components in this
program, the National Benthic Surveillance Project which is responsible for quantification of
contamination in fish tissue and sediments, and developing and implementing new methods to
define the biological significance of environmental contamination, and the Mussel Watch Project
which monitors pollutant concentrations by quantifying contaminants in mollusk bivalves and
sediments. Methods are described for sample collection, preparation, and quantification. The
evolution of methods, method detection limits, and the Quality Assurance Project are also
discussed.

This document is Volume Il of the document entitled "National Benthic Surveillance and Mussel
Watch Projects Analytical Protocols 1984-1992," and contains detailed descriptions of
analytical methods used for the determination of major and trace elements in sediments and
tissues by participating laboratories participating in the NS&T Program (Tables P.1 and P.2).

Table P.1. Laboratories analyzing National Status and Trends Program National Benthic
Surveillance Project samples for major and trace elements and pertinent chapters in this
document.

National Benthic Surveillance Project

Year 1984-1986 1987 1988-present
Northeast NEFSC (Sediments) NWFSC (Sediments) SEFSC (Sediments)
Coast Zdanowicz, Finneran and Kothe Robisch and Clark (Evans and Hanson)

Southeast and
Gulf Coasts

West Coast

NEFSC (Tissues)
Zdanowicz, Finneran and Kothe

SEFSC (Tissues)
Evans and Hanson
SEFSC (Sediments)
Evans and Hanson

NWEFSC (Sediments)
Robisch and Clark
NWFSC (Tissues)
Robisch and Clark

NWFSC (Tissues)
Robisch and Clark

SEFSC (Tissues)
(same)

SEFSC (Sediments)
(same)

NWFSC (Sediments)
(same)

NWFSC (Tissues)
(same)

SEFSC (Tissues)
Evans and Hanson

SEFSC (Tissues)
(same)

SEFSC (Sediments)
(same)

NWFSC (Sediments)
(same)

NWFSC (Tissues)
(same)

NEFSC - NOAA/NMFS/Northeast Fisheries Science Center, Sandy Hook, NJ.
SEFSC - NOAA/NMFS/Southeast Fisheries Science Center, Beaufort, NC.
NWFSC - NOAA/NMFS/Northwest Fisheries Science Center, Seattle, WA.



Table P.2. Laboratories analyzing National Status and Trends Program Mussel Watch Project
samples for major and trace elements and pertinent chapters in this document.

Mussel Watch Project

Year 1986-1987 1988 1989 1990-1993
East Coast Battelle Battelle Battelle Battelle
Crecelius et al. (same) (same) (same)
Gulf Coast TAMU TAMU TAMU TAMU
Taylor and Presley (same) (same) (same)
West Coast
California SAIC sAlcb SAIC2 Battelle
Peven et al. (same) (same) Crecelius et al.
Oregon Battelle Battelle Battelle Battelle
Crecelius et al. (same) (same) (same)
Washington Battelle Battelle Battelle Battelle
Crecelius et al. (same) (same) (same)
Alaska Battelle Battelle NS Battelle
Crecelius et al. (same) - (same)
Hawaii SAIC SAIC NS Battelle
Peven et al. (same) - Crecelius et al.

Dgn analyzed by Battelle. 2 se and Sn analyzed by Battelle. NS - Not sampled.

Battelle - Battelle Ocean Sciences, Duxbury, MA, and Sequim, WA.

TAMU - Geochemical and Environmental Research Group of Texas A&M University, College Station, TX.
SAIC - Science Applications International Corporation, Inc.

G. G. Lauenstein and A. Y. Cantillo
Editors

Coastal Monitoring and Bioeffects Assessment Division

Office of Ocean Resources Conservation and Assessment
National Ocean Service
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Total Dissolution of Marine Sediment and Atomic Absorption Analysis of
Major and Trace Elements

V. S. Zdanowicz, T. W. Finneran and R. Kothe
NOAA/National Marine Fisheries Service
Northeast Fisheries Science Center, Sandy Hook Laboratory
Highlands, NJ

ABSTRACT

Methods are described for the total dissolution of marine sediment and the instrumental
analysis of 17 major and trace elements, at the Sandy Hook Laboratory as part of the
National Benthic Surveillance Project of the National Status and Trends (NS&T)
Program.

1. INTRODUCTION

These methods, for analysis of 17 metals in estuarine sediments, were developed as part of the
National Benthic Surveillance Project of the National Status and Trends (NS&T) Program. The
digestion procedure is a combination of those described by Bernas (1968), Buckley, and
Cranston (1971), and Rantala and Loring (1975), adapted for use with Parr digestion bombs,
and provides for total dissolution of sediments without loss of volatile elements. Seven of the
17 elements can be determined by flame atomization methods, which are relatively rapid,
leaving 9 elements for graphite furnace determination; Hg is determined using the cold vapor
technique. Although the primary objective in developing each instrumental method was that it
should be as simple and straightforward as possible while producing acceptable accuracy and
precision, most furnace methods contain multiple char steps and require matrix modification.

Users of the instrumental methods described below will probably have to modify certain
parameter values to suit their particular instrumentation and equipment, due to variations in
performance between instruments. Such variations are caused by differences in furnace
calibrations, nebulizer characteristics, and other factors.

These methods were used at the NOAA National Marine Fisheries Service Northeast Fisheries
Science Center Sandy Hook Laboratory to analyze NS&T samples collected from 1984 to 1986.
Analytical results can be found in Zdanowicz and Gadbois (1990).

2. EQUIPMENT AND SUPPLIES
2.1. Instrumentation
Perkin-ElImer model Z/5000 spectrophotometer. Perkin-Elmer Corp., Norwalk, CT.

Burner (0040-0146) with flow spoiler and standard nebulizer (0303-0352)
Dual lamp EDL power supply

Furnace cooling unit

Model 056 dual pen recorder

Model 500 graphite furnace atomizer with Zeeman background correction system
Model 3600 data terminal with model PRS 100 printer

Model AS40 autosampler (for furnace analyses)
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Model AS50 autosampler (for flame analyses)
Model PRS 10 printer

Perkin-ElImer model Z/5100 spectrophotometer

Dual lamp EDL power supply

Furnace cooling unit

Model 600 graphite furnace atomizer with Zeeman background correction system
Model 7700 data terminal with model PRS 210 printer

Model AS60 autosampler (for furnace analysis)

Mercury Analyzer, Gold Film, 511. Arizona Instruments, Clarksdale, AZ.
2.2. Supplies

Acetylene, pre-purified

Argon, 99.999% purity

Electrodeless discharge lamps (EDL)

Graphite tubes; pyrolytically coated, grooved, Perkin-Elmer BO109-322
Hollow cathode lamps (HCL)

Nitrous oxide, USP grade

Platforms, pyrolytically coated L'vov, Perkin-Elmer BO109-324

2.3. Labware

Balance, Mettler model PK300 with printer Parr bomb, 125-mL, Teflon tetrafluoro-
Bottles, 125-mL, polyethylene ethylene (TFE) lined stainless steel, model
Cups, 2-mL, polyethylene 4748. Parr, Moline, IL.

Filter paper, Whatman 41 Pipets, macro and micro

Flasks, volumetric, 100-mL, polypropylene Spatulas or transfer tubes

Funnels, polypropylene Vials, 15-mL, Teflon polyfluoroalkoxy (PFA),
Glass mortars and pestles threaded with screw caps, model 02.5.
Ovens, stainless steel, gravity convection, Savillex, Minnetonka, MN.

OV-18SA. Blue M, Blue Island, IL.

PFA vials were cleaned using Micro detergent and rinsed in tap water. They were then soaked
for three days in hot (70-80°C) 10% HNO5 / 5% HCI solution, rinsed with deionized water,

soaked for 3 days in room-temperature 0.1 M ethylenediamine tetraacetic acid (EDTA),
tetrasodium salt, rinsed with deionized water, soaked for 3 days in hot deionized water, and
dried in Class 100 laminar flow hoods. All other plasticware was soaked for three days in 10%
HNO5 at room temperature, rinsed with deionized water, and dried as above.

2.4. Reagents
All reagents are ultrapure grades, except where so indicated.

Ammonium nitrate (NH,NO;) [6484-52-2], Boric acid (H3B03) [10043-35-3], solid, J. T.

solid, 99.99%. Aesar, Ward Hill, MA. Baker 5168 or E. M. Science 765. J. T.
Ascorbic acid (CgHgOg) [50-81-7], solid, Baker, Phillipsburg, NJ. or E. M. Science,

reagent grade. J. T. Baker, Phillipsburg, Gibbstown, NJ.

NJ. Copper nitrate [Cu(NOg), - 2.5H,0] [19004-
Atomic absorption standards, 1000 pg/mL. 19-4], solid, reagent grade

Aesar, Ward Hill, MA.
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Hydrochloric acid (HCDH [7647-01-0],
concentrated (37%), 4800. J. T. Baker,
Phillipsburg, NJ.

Hydrofluoric acid (HF) [7664-39-3],
concentrated (48%), 4804. J. T. Baker,
Phillipsburg, NJ.

Magnesium nitrate [Mg(NO3), - 6H,0] [13446-
18-9], solid, 99.99%. Ward Hill,
MA.

Aesar,

2.5. Solvents and matrix modifiers

2.5.1. M19 Diluent

This solvent is used for making blank and sample dilutions and for most

Nitric acid (HNO;) [7697-37-2], concentrated

(70%), Baker 4801 or G. F. Smith 621. J.
T. Baker, Phillipsburg, NJ, or G.
Frederick Smith Chemicals, Columbus, OH.
Palladium nitrate [Pd(NO3),], 9.984% Pd*?

solution, 12621. Aesar, Ward Hill, MA.
Water, deionized, 18 megohm-cm resistivity

instrumental

calibration standards (see Calibration section). It is prepared in deionized water and contains
40 g H3BO3; 60 mL concentrated HF, 7.5 mL concentrated HCI, and 2.5 mL concentrated

HNO, per liter of solution.

2.5.2. 1646 Modifier

This solution contains approximately the concentrations of Si, Fe, and Al that would be found
if 0.5 g NIST SRM 1646 were digested and brought to 100 mL volume. SRM 1646 was a
standard reference material composed of estuarine sediment collected in Chesapeake Bay.

Dissolve 50.593 g Na,SiO, -
approximately 50,000 ppm Si.

Dissolve 10.851 g Fe(NOjy), -
approximately 15,000 ppm Fe.

Dissolve 4.172 g AI(NO3); -
approximately 3,000 ppm Al.

6H,0 per 100 mL of solution in deionized water to obtain

9H,0 per 100 mL of solution in deionized water to obtain

9H,0 per 100 mL of solution in deionized water to obtain

Add 3 mL of the Si solution, 1 mL of the Fe solution, and 10 mL of the Al solution to
approximately 50 mL of M19 diluent. Make up to 100 mL volume in a polypropylene

volumetric flask using the M19 diluent.

This solution should be prepared 24-48 hr before use. It is used for calibration of Ag, Sn, As,

Tl, and Sb analyses.

2.5.3. Matrix modifiers for graphite furnace analyses

Copper nitrate solution: 0.366 g Cu(NO3), - 2.5H,0 per 100 mL of solution in deionized water

Magnesium nitrate solution: 1.731 g Mg(NO3), - 6H,0 per 100 mL of solution in deionized

water

Ammonium nitrate solution: 5.000 g NH,;NO; per 100 mL of solution in deionized water

Palladium nitrate solution: 500-fold dilution of a 9.984% Pd*2 solution in deionized water
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Ascorbic acid solution: 5.000 g ascorbic acid per 100 mL of solution in deionized water

3. SAMPLE TREATMENT
3.1. Drying

The top 3 cm of each core sample were dried overnight in polyethylene weighing boats in a
stainless steel gravity convection oven at 60-65°C, and subsequently cooled in a dessicator.
They were then homogenized using glass mortars and pestles. The samples were stored in
polyethylene vials at room temperature until composited and analyzed.

3.2. Compositing

Composites used for analysis were comprised of equal weight portions of each of the three
sediment samples collected at each station and dried as described above.

3.3. Digestion
Sandy Hook Laboratory Method 19: Total Digestion of Sediments

Three reagent blanks and three standard reference material (SRM) samples were included in
each analytical string of 36 samples. Reagent blanks contain no sample and were processed
identically to the samples.

Weigh 450 = 15 mg homogenized, dried sample into a 15-mL PFA vial. Add 750 pL
concentrated HCI to each vial and begin wet-out of sample. Add 250 pL concentrated HNO; to

each vial and continue wet-out of sample. Add 2 mL concentrated HF, swirling to complete
sample wet-out. Add 4 mL concentrated HF, rinsing the walls of the vial to insure that all
solids are washed down into the acid mixture.

Seal each vial tightly by hand. Place two vials in each bomb. Add 5 mL deionized water to
each bomb liner and seal the bombs according to manufacturer's recommendations. Place
bombs in oven and heat to 120°C overnight.

When cool, vent internal pressure carefully in a fume hood, and remove vials. Allow vials to
cool to room temperature.

Quantitatively transfer the contents of each vial to a 125-mL polyethylene screw cap bottle,
containing 50 mL of 4.0% (0.647 M) boric acid in deionized water using a wash bottle
containing boric acid solution. The volume of each polyethylene bottle should be no more than
80 mL after transfer of the digest. Let stand 2-4 hours to allow dissolution of the fluorides.

Pretreat Whatman 41 filter paper by washing 3-4 times with M19 diluent, discarding the
wash. Filter the sample solutions into 100-mL polypropylene volumetric flasks, removing
any residue. Wash the filter paper 3-4 times with the boric acid solution and take to 100 mL
with the boric acid solution.
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4. CALIBRATION

Calibration standards were prepared by serial dilution of commercially available atomic
absorption standards using class-A glass pipets and volumetric flasks, and 10% HNOj. Final

working standards, except for Ag, were prepared in M19 diluent using micropipets and plastic
volumetric flasks. Concentrations of commercial standards were verified by comparison with
National Institute of Standards and Technology (NIST) spectrophotometric standards.

Standards of four different concentrations including zero were used and at least three replicate
determinations were made for each concentration. This was accomplished by analyzing a
standard at the start of each analytical string and after every three samples. For a set of
36 samples, this resulted in at least 13 determinations of standards.

After each analytical string, the concentrations of the standards, together with the instrument
readings obtained during the analysis of the standards, were used to calculate the slope,
intercept, and correlation coefficient of the calibration curve using linear, least-squares
regression. The correlation coefficient, r, was typically 30.98 for a well-behaved analysis.

4.1. Sn, Sb, Tl and As calibration

The instrumental sensitivity of these elements was affected by the concentrations of Si, Fe,
and Al in the sample solutions, so calibration standards were prepared using the 1646
modifier.

For samples requiring dilution, the calibration standards were made-up using 1646 modifier
diluted in the same proportions. For example, if in an analytical string of 36 samples, 12 were
diluted twofold, 12 fivefold, and 12 tenfold, then separate sets of calibration standards were
used for each set of 12 samples. The first set of standards was prepared in twofold-diluted
1646 modifier, the second in fivefold-diluted 1646 modifier, and the third in tenfold-diluted
1646 modifier. Samples and 1646 modifier were diluted with M19 diluent.

4.2. Ag calibration

The Ag standards were prepared in 10% HNO3 to insure that no losses occurred due to the

presence of halides. However, the sensitivity of the Ag analysis was also affected by the
concentrations of Si, Fe, and Al in the sample solutions. To compensate for these effects, the
following procedure was used. When analyzing a standard, 10 pL of standard and 10 pL of
appropriately diluted 1646 Modifier (see above) were used, and when analyzing a sample, 10
uL of sample and 10 pL of 10% HNO, were used.

As with Sn, Sb, TIl, and As, when samples were diluted, appropriately diluted (see above)
1646 modifier was used for the standards.

4.3. Cd, Se, Sb, and Sn dilutions

Due to matrix effects, after digesting samples using SHL Method 19 described earlier,
solutions were further diluted for the determination of Cd, Se, Sb, and Sn, even if these
elements were present in very low concentrations. The signal from a diluted sample may fall
below the limit of detection, while the signal from the undiluted sample may be above the limit
of detection. However, the latter (undiluted) signal was usually erroneous and was biased low
due to matrix interferences that were reduced by dilution with M19 diluent.
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5. CALCULATIONS
Using the value of the slope, m, of the calibration curve obtained by linear regression analysis

of the calibration standards data, the concentration of analyte in sample and reagent blank
solutions was calculated using

Y
C="—"
m

where C is the concentration (ug/mL or ng/mL) of analyte in solution, Y is the absorbance of
the sample and m is the slope of the calibration curve.

For Hg determinations, the formula used was

Y
_mVHg

where Vyg is the volume of sample used for Hg analysis.
B, the average of the reagent blanks, and sg, the standard deviation of B were then calculated.
The solution detection limit, DLg, was then calculated using
DLg = B + 3sg

Since all the samples theoretically contain B, DLg was used as a working detection limit to
determine which samples required a "less than" calculation. The actual detection limit, DL,
defined as the minimum solution concentration that is reliably different from the average
reagent blank concentration, was calculated using

DL = DLg- B = 3sg
Typical method detection limits are listed in Table I1.1.

The dry weight concentration of the analyte in the samples was calculated using the relation,

_ (C-B) (DF) (Vo)
X = wt
where X is the concentration of analyte in the dry sample, C is the concentration of the analyte
in solution, B is the average reagent blank, DF is the amount of any additional dilution of the
sample solution, Vol is the volume of the original sample solution (e.g. 100 mL), and Wt is the
dry weight of the sample (e.g. 0.465 g). When C is in pg/mL, X is in pg/g, and when C is in
ng/mL, X is in ng/g.

For any sample with a solution concentration lower than the working detection limit, DLg, of an
element, a "less than" value was calculated using

(DLs - B) (DF) (Vol)
X < .
wt
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Table lll.1. Typical detection limits for Sandy Hook Laboratory Method 19 [0.45 g sediment
sample brought to 100 mL final volume (pg/g unless noted)].

Al 0.2 % Se 0.1
Si 2% Ag 0.01
Cr 6 Cd 0.01
Mn 3 Sn 0.2
Fe 0.2 % Sb 0.2
Ni 0.3 Hg 0.01
Cu 4 TI 0.2
Zn 4 Pb 0.1
As 0.1
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7. INSTRUMENTAL ANALYSIS

7.1. Aluminum
METHOD:

DIGEST MATRIX:
INSTRUMENT SETTINGS:

Wavelength:
Lamp:

Fuel:

Oxidant:

Mixture:

Burner head:

Slit width setting:

Background correction:

Signal mode:
Scale expansion:
Read delay:

Number of readings:

Output:

STANDARDS:

TYPICAL SENSITIVITY:

CALIBRATION:

MATRIX MODIFICATION:

NOTES:

Flame Atomic Absorption

M19 diluent. Diluted ten-fold using M19 diluent.

309.3 nm

HCL, 7 ma (Perkin-Elmer 0303-6009)
Acetylene

Nitrous oxide

Rich (red)

Single-slot, 5 cm, O° rotation
0.2H

None

Peak height/hold

None

4 sec

3 sec/reading, average of 3 reads
To data terminal and printer

0, 10, 30, and 50 pg Al/mL prepared in M19 diluent using Aesar Al
spectral standard (13856). Auto-zero using deionized water.

Absorbance is approximately 0.220 for a 50.0 pg/mL standard.
Peak height of standard versus concentration of standard. Compute
the slope, intercept, and correlation coefficient using linear, least-
squares regression.

None

Aspirate 10% HNO, between samples.
Scrape ash build-up off burner slot every 4-6 readings.
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7.2. Silicon

METHOD:

DIGEST MATRIX:

INSTRUMENT SETTINGS:

Wavelength:
Lamp:

Fuel:

Oxidant:

Mixture:

Burner head:

Slit width setting:

Background correction:

Signal mode:
Scale expansion:
Read time:
Output:

Read delay:

STANDARDS:

TYPICAL SENSITIVITY:

CALIBRATION:

MATRIX MODIFICATION:

NOTES:

Flame Atomic Absorption

M19 diluent. Diluted fifty-fold using M19 diluent.

251.6 nm

HCL, 10 ma (Perkin-ElImer 0303-6061)
Acetylene

Nitrous oxide

Lean (pale pink)

Single-slot, 5 cm, O° rotation
0.2H

None

Peak height/hold

None

3 sec/reading, average of 3 reads
To data terminal and printer

4 sec

0, 10, 30, and 50 pg Si/mL prepared in M19 diluent using Aesar Si
spectral standard (13814). Auto-zero using deionized water.

Absorbance is approximately 0.130 for a 50.0 pg/mL standard.
Peak height of standard versus concentration of standard. Compute
the slope, intercept, and correlation coefficient using linear, least-
squares regression.

None

Aspirate 10% HNO, between samples.

Scrape ash build-up off burner slot every 4-6 readings.
Losses of Si as a precipitate observed in samples of high mass
(>500 mg) and/or high sand content.
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7.3. Chromium
METHOD:

DIGEST MATRIX:
INSTRUMENT SETTINGS:

Wavelength:
Lamp:

Fuel:

Oxidant:

Mixture:

Burner head:

Slit width setting:

Background correction:

Signal mode:
Scale expansion:
Read time:
Output:

Read delay:

STANDARDS:

TYPICAL SENSITIVITY:

CALIBRATION:

MATRIX MODIFICATION:

NOTES:

Flame Atomic Absorption

M19 diluent. For additional dilutions use M19 diluent.

357.9 nm

HCL, 25 ma (Perkin-Elmer 0303-6021)
Acetylene

Air

Rich (pale yellow)

Three-slot, 10 cm, 0° rotation
0.7H

None

Peak height/hold

None

3 sec/reading, average of 3 reads
To data terminal and printer

4 sec

0, 1, 2, and 4 pg Cr/mL prepared in M19 diluent using Aesar Cr
spectral standard (13864). Auto-zero using deionized water.

Absorbance is approximately 0.240 for a 4.00 pg/mL standard.
Peak height of standard versus concentration of standard. Compute
the slope, intercept, and correlation coefficient using linear, least-
squares regression.

None

Aspirate 10% HNO, between samples.

11.16



7.4. Manganese
METHOD:

DIGEST MATRIX:
INSTRUMENT SETTINGS:

Wavelength:
Lamp:

Fuel:

Oxidant:

Mixture:

Burner head:

Slit width setting:

Background correction:

Signal mode:
Scale expansion:
Read time:
Output:

Read delay:

STANDARDS:

TYPICAL SENSITIVITY:

CALIBRATION:

MATRIX MODIFICATION:

NOTES:

Flame Atomic Absorption

M19 diluent. For additional dilutions use M19 diluent.

279.5 nm

HCL, 7 ma (Perkin-Elmer 0303-6043)
Acetylene

Air

Lean (pale blue)

Three-slot, 10 cm, 0° rotation
0.2H

None

Peak height/hold

None

3 sec/reading, average of 3 reads
To data terminal and printer

4 sec

0, 0.5, 1, and 2 pg Mn/mL prepared in M19 diluent using Aesar Mn
spectral standard (13826). Auto-zero using deionized water.

Absorbance is approximately 0.250 for a 2 pg/mL standard.

Peak height of standard versus concentration of standard. Compute
the slope, intercept, and correlation coefficient using linear, least-
squares regression.

None

Aspirate 10% HNO, between samples.
Losses observed in sample solutions containing precipitated Si.
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7.5. Iron

METHOD:

DIGEST MATRIX:

INSTRUMENT SETTINGS:

Wavelength:
Lamp:

Fuel:

Oxidant:

Mixture:

Burner head:

Slit width setting:

Background correction:

Signal mode:
Scale expansion:
Read time:
Output:

Read delay:

STANDARDS:

TYPICAL SENSITIVITY:

CALIBRATION:

MATRIX MODIFICATION:

NOTES:

Flame Atomic Absorption

M19 diluent. Diluted fifty-fold using M19 diluent.

248.3 nm

HCL, 30 ma (Perkin-ElImer 0303-6037)
Acetylene

Air

Lean (pale blue)

Three-slot, 10 cm, 0° rotation
0.2H

None

Peak height/hold

None

3 sec/reading, average of 3 reads
To data terminal and printer

4 sec

0, 1, 2, and 4 pg Fe/mL prepared in M19 diluent using Aesar Fe
spectral standard (13830). Auto-zero using deionized water.

Absorbance is approximately 0.180 for a 4.00 pg/mL standard.
Peak height of standard versus concentration of standard. Compute
the slope, intercept, and correlation coefficient using linear, least-

squares regression.

None

Aspirate 10% HNO; between samples.
Alternate wavelength, 248.8 nm, may be used.
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7.6. Nickel
METHOD:
DIGEST MATRIX:
INSTRUMENT SETTINGS:
Wavelength:
Lamp:
Platform:

Carrier gas:
Slit width setting:

Background correction:

Signal mode:
Scale expansion:
Read time:
Output:

FURNACE PROGRAM:

Graphite Furnace Atomic Absorption

M19 diluent. For additional dilutions use M19 diluent.

232.2 nm

HCL, 25 ma (Perkin-Elmer 0303-6047)
L'vov, coated

Argon

0.2L

Zeeman

Peak area

None

5 sec

To data terminal, printer and recorder

Step T(°C) Time (sec) Internal Gas
Ramp Hold Flow (mL/min)
Dry 120 10 25 300
Char | 450 10 10 300
Char 2 1450 10 10 300
Atomize 2900 o 5 (0]
Cool | 20 1 10 300
Cleanout 3000 1 5 300
Cool 2 20 1 10 300

STANDARDS:

TYPICAL SENSITIVITY:

CALIBRATION:

INJECTION VOLUME:

MATRIX MODIFICATION:

0, 10, 20, and 40 pg Ni/mL prepared in M19 diluent using Aesar Ni
spectral standard (13839). Auto-zero using air.

Peak area is approximately 0.240 for a 40.0 ng/mL standard.

Peak area of standard versus concentration of standard. Compute
the slope, intercept, and correlation coefficient using linear, least-
squares regression.

20 pL

None
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7.7. Copper

METHOD:

DIGEST MATRIX:
INSTRUMENT SETTINGS:

Wavelength:
Lamp:

Fuel:

Oxidant:

Mixture:

Burner head:

Slit width setting:

Background correction:

Signal mode:
Scale expansion:
Read time:
Output:

Read delay:

STANDARDS:

TYPICAL SENSITIVITY:

CALIBRATION:

MATRIX MODIFICATION:

NOTES:

Flame Atomic Absorption

M19 diluent. For additional dilutions use M19 diluent.

324.8 nm

HCL, 15 ma (Perkin-ElImer 0303-6024)
Acetylene

Air

Lean (pale blue)

Three-slot, 10 cm, 0° rotation
0.7H

None

Peak height/hold

None

3 sec/reading, average of 3 reads
To data terminal and printer

4 sec

0, 1, 3, and 5 pg Cu/mL prepared in M19 diluent using Aesar Cu
spectral standard (13867). Auto-zero using deionized water.

Absorbance is approximately 0.230 for a 5.00 pg/mL standard.
Peak height of standard versus concentration of standard. Compute
the slope, intercept, and correlation coefficient using linear, least-
squares regression.

None

Aspirate 10% HNO, between samples.

111.20



7.8. Zinc

METHOD:

DIGEST MATRIX:
INSTRUMENT SETTINGS:

Wavelength:
Lamp:

Fuel:

Oxidant:

Mixture:

Burner head:

Slit width setting:

Background correction:

Signal mode:
Scale expansion:
Read time:
Output:

Read delay:

STANDARDS:

TYPICAL SENSITIVITY:

CALIBRATION:

MATRIX MODIFICATION:

NOTES:

Flame Atomic Absorption

M19 diluent. For additional dilutions, use M19 diluent.

213.9 nm

HCL, 15 ma (Perkin-ElImer 0303-6081)
Acetylene

Air

Lean (pale blue)

Three-slot, 10 cm, 0° rotation
0.7H

None

Peak height/hold

None

3 sec/reading, average of 3 reads
To data terminal and printer

4 sec

0, 0.25, 0.5, and 1 pg Zn/mL prepared in M19 diluent using Aesar
Zn spectral standard (13835). Auto-zero using deionized water.

Absorbance is approximately 0.255 for a 1.00 pg/mL standard.
Peak height of standard versus concentration of standard. Compute
the slope, intercept, and correlation coefficient using linear, least-
squares regression.

None

Aspirate 10% HNO; between samples.
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7.9. Arsenic
METHOD:
DIGEST MATRIX:
INSTRUMENT SETTINGS:
Wavelength:
Lamp:
Platform:

Carrier gas:
Slit width setting:

Background correction:

Signal mode:
Scale expansion:
Read time:
Output:

FURNACE PROGRAM:

Graphic Furnace Atomic Absorption

M19 diluent. For additional dilutions use M19 diluent.

193.7 nm

EDL, 6 w (Perkin-Elmer 0303-6211)
L'vov, coated

Argon

0.7L

Zeeman

Peak area

None

5 sec

To data terminal, printer, and recorder

Step T(°C) Time (sec) Internal Gas
Ramp Hold Flow (mL/min)
Dry 120 10 30 300
Char | 450 10 10 300
Char 2 1000 10 10 300
Atomize 2550 o 5 (0]
Cool | 20 1 10 300
Cleanout 2900 1 5 300
Cool 2 20 1 10 300

STANDARDS:

TYPICAL SENSITIVITY:

CALIBRATION:

INJECTION VOLUME:

MATRIX MODIFICATION:

NOTES:

0, 5, 15, and 30 pug As/mL prepared in appropriately diluted 1646
modifier using Aesar As spectral standard (13839). Auto-zero
using air without modifier.

Peak area is approximately 0.175 for a 30.0 ng/mL standard.

Peak area of standard versus concentration of standard. Compute
the slope, intercept, and correlation coefficient using linear, least-
squares regression.

20 pL

5 pL 1:1 mixture of palladium nitrate and magnesium nitrate
solutions (see matrix modifiers section for preparation

instructions).

See Calibration section.
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7.10. Selenium
METHOD:
DIGEST MATRIX:
INSTRUMENT SETTINGS:
Wavelength:
Lamp:
Platform:

Carrier gas:
Slit width setting:

Background correction:

Signal mode:
Scale expansion:
Read time:
Output:

FURNACE PROGRAM:

Graphic Furnace Atomic Absorption

M19 diluent. Samples must be diluted at least two-fold.

196.0 nm

EDL, 4.5 watts (Perkin-ElImer 0303-6262)
L'vov, coated

Argon

2.0L

Zeeman

Peak height

None

5 sec

To data terminal, printer and recorder

Step T(°C) Time (sec) Internal Gas
Ramp Hold Flow (mL/min)
Dry 120 10 20 300
Charl 350 10 10 300
Char2 600 10 10 300
Atomize 2600 o 5 (0]
Cooll 20 1 10 300
Cleanout 2900 1 5 300
Cool2 20 1 10 300

STANDARDS:

TYPICAL SENSITIVITY:

CALIBRATION:

INJECTION VOLUME:

MATRIX MODIFICATION:

0, 5, 10, and 20 ng Se/mL prepared in M19 diluent using Aesar Se
spectral standard (13845). Auto-zero using air without modifier.

Absorbance is approximately 0.080 for a 20.0 ng/mL standard.
Peak height of standard versus concentration of standard. Compute
the slope, intercept, and correlation coefficient using linear, least-
squares regression.

20 pL

5 pL 1:1 mixture of copper nitrate and magnesium nitrate solutions
(see matrix modifiers section for preparation instructions).
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7.11. Silver
METHOD:
DIGEST MATRIX:
INSTRUMENT SETTINGS:
Wavelength:
Lamp:
Platform:

Carrier gas:
Slit width setting:

Background correction:

Signal mode:
Scale expansion:
Read time:
Output:

FURNACE PROGRAM:

Graphite Furnace Atomic Absorption

M19 diluent. For additional dilutions, use M19 diluent.

328.1 nm

HCL, 10 ma (Perkin-ElImer 0303-6064)
L'vov, coated

Argon

0.7L

Zeeman

Peak height

None

5 sec

To data terminal, printer, and recorder

Step T(°C) Time (sec) Internal Gas
Ramp Hold Flow (mL/min)

Dry 120 10 25 300

Charl 450 10 10 300

Char2 700 10 10 300

Atomize 2100 0 5 0

Cooll 20 1 10 300

Cleanout 2900 1 5 300

Cool2 20 1 10 300

STANDARDS: 0, 0.5, 1.5, and 3.0 ng Ag/mL prepared in 10% HNO5; using Aesar

TYPICAL SENSITIVITY:

CALIBRATION:

INJECTION VOLUME:

MATRIX MODIFICATION:

NOTES:

Ag spectral standard (13849). Auto-zero wusing air without
modifier.

Absorbance is approximately 0.120 for a 3.0 ng/mL standard.

Peak height of standard versus concentration of standard. Compute
the slope, intercept, and correlation coefficient using linear, least-
squares regression.

10 pL

10 pL 10% HNO5 for sample digests, and 10 pL appropriately
diluted 1646 modifier solution for standards.

See Calibration section.
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7.12. Cadmium
METHOD:
DIGEST MATRIX:
INSTRUMENT SETTINGS:
Wavelength:
Lamp:
Platform:

Carrier gas:
Slit width setting:

Background correction:

Signal mode:
Scale expansion:
Read time:
Output:

FURNACE PRO